Xenotransplantation using porcine organs could potentially associate with the risk of pathogenic infections, because human tropic porcine endogenous retrovirus (PERV) particles could be released from pig cells or organs. While there is no evidence of PERV transmission to human, safety issues become a paramount concern. For the prevention of this transmission, specific immunological tools must be provided for PERV transmission detection. In this study we described the expression of PERV envelope proteins and the production of a specific antibody against PERV envelope (Env) glycoprotein. The nucleotide sequence harboring the partial region of glycoprotein 70 was cloned into the pET vector and envelope protein was expressed in E. coli. Approximately 42 kDa recombinant Env protein (PERV Env-aa357) was purified by the Ni-affinity column. For antibody production, mice were immunized with the recombinant PERV Env-aa357. The generated anti-serum was tested using Western blot and immunocytochemical assay. We found that anti-PERV Env serum displayed the specificity against the PERV Envs (PERV-A and PERV-B) expressed not only in E. coli but also in mammalian cells, and PERV particles within the porcine cell lines (PK 15 and PK-1). Taken together, PERV antibody could be useful for detecting PERV infection or xenotransplantation transmission.
INTRODUCTION
Usage of porcine organs could be a solution for an insufficient organ supply in transplantation. However, there are some obstacles for xenotransplantation (1) . Not only the immunological rejection between pig and human, but also infection associated with porcine endogenous viruses (PERVs) naturally existing in the porcine genome is a major concern in xenotransplantation. PERVs have the ability to infect several human cell lines and the possibility of human transmission (2~4).
PERVs have been classified to the retroviral β and γ genera (4, 5) . Infectious human tropic PERVs have been assigned to the PERV γ1 group consisting of the subgroups A, B and C according to env sequences (5, 6) . PERV infectivity is determined by the functional antigenic epitopes on the surface of viral envelope proteins (7, 8) . These are also responsible for mediating retroviral entry that involves a series of complex event including receptor bindings, conformational changes, and membrane fusion between virus and host cells. PERV-A and PERV-B showed infectivity in the cells of humans, pigs, and some other species 137 in vitro, whereas PERV-C infected only pig cells (2, 9, 10~12) . A recently isolated PERV-A/C recombinant (PERV-NIH) has highly infectious human tropic characteristics; it comprises an env gene with PERV-A in the surface glycoprotein region and PERV-C in the C-terminal residues of the transmembrane region (4, 13~15).
PERV envelope glycoproteins consist of gp70 and transmembrane domain (p15E) derived from intracellular proteolytic processing of the Env precursor protein (16) . The N-terminal domain of gp70 is responsible for binding the virus to host cell receptor (7, 17) and conserved C-terminal region contains a transmembrane domain that is required for viral entry (18) . The gp70 component undergoes major conformational rearrangement after receptor binding, allowing the p15E protein to trigger viral and cytoplasmic membrane fusion.
To study PERVs in xenotransplantation, antibody for PERV detection is critical for prevention and monitoring of PERV transmission. However, there is no commercial supplier who released the antibodies product. Thus, we tried to construct and characterize the anti-sera specific for PERV envelope gp70, which has many potentials as a tool for monitoring of PERV infection.
MATERIALS AND METHODS

Cells
HeLa, porcine kidney cell lines, PK-15 (ATCC CCL33), LLC-PK1 (ATCC CL-101), and human 293T cells were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (GIBCO BRL, Grand Island, NY, USA), 2 mM L-glutamine, 50 μg/ml penicillin and streptomycin (GIBCO BRL) at 37℃ in a humidified 5% CO 2 incubator. 
Immunization of mouse
Balb/c mice were immunized intraperitoneally three times for two weeks intervals using 50 μg of purified Env protein emulsified in complete Freund's adjuvant (Sigma). Blood was taken from the mice and the antibody was analyzed using Western blot.
SDS-PAGE and immunoblot assay
The PERV expressing E. coli lysates were analyzed on 
RESULTS
Expression of PERV recombinant envelope protein: PERV Env-aa357
The full length of gp70 envelope gene originated from PERV Y9, DQ011706, isolated from Yorkshire, was cloned into pET-23a vector. Approximately 50 kDa of gp70 Env protein had been expressed well in E. coli with body inclusion. However, it did not bind to the Ni-agarose resin efficiently. To improve protein purification efficiency by increasing solubility, amino acids sequences 1 to 357 were selected based on the hydrophilicity score using by HoppWoods method (Fig. 1A) (19) The expressed PERV Env-aa357 protein was purified by affinity chromatography using His-tag resin. The expression efficiencies of these two proteins ranged from 10~20% of the total cellular proteins. The purified PERV Env-aa357 was verified through the SDS-PAGE Coomassie blue staining and Western blot with an anti-PERV antibody, respectively (Fig. 2) . (20) were examined (Fig. 3) .
Reactivity of antibody against PERV Env protein
Anti
By an immune blot analysis, anti-PERV Env-aa357 antibody produced from mice showed specific reactivity against PERV Envs expressed not only in prokaryotic but also in eukaryotic system.
Indirect immunofluorescence staining of PERV producing porcine cells
To determine antibody reactivity against PERV particles (Fig. 4) . Strong IF signals were observed in two porcine cell lines with similar patterns, while HeLa showed very weak signals that were thought to be nonspecific binding.
DISCUSSION
Recently, PERV detection system based on an antibody generated against synthetic peptides has been reported (6) and was demonstrated to be highly sensitive and specific to PERV Gag protein comprising large part of the PERV viral particle (6, 21~23). The anti-Env antibody was employed to detect PERV infection. However the antibody to Env protein, attained smaller part in virus than Gag, is apparently not sensitive enough to explain the presence of the virus in the cells. Moreover, the elucidation of the cleavage status of the envelope proteins using the previous Env antibody is unclear. Even if the signals were appeared, they are very weak or with nonspecific bands in immunoblotting assays (6, 21, 23) . Under these environments, we chose the gp70 domain for the generation of specific antibody. However, the expressed gp70 was not bound to the Ni-NTA resin efficiently. To purify the PERV Env protein using affinity chromatographic method, we removed the C-terminal hydrophobic region of PERV gp70. Truncated gp70 was generated by removing C-terminal 98 amino acids. Thus, truncated gp70 showed improved purification efficiency than intact form. 
